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Abstract 
The key to obtaining films with thickness greater than 1 micron by a single TFA-MOD deposition is a crack-
preventing material. The ratio of fluorine atoms to total fluorine and hydrogen atoms (RF) of the chemical is 
important for forming excellent superconducting films. Although hydrogen atoms lead to carbon residue, which 
fatally deteriorates superconducting properties of the resulting film, hydrogen atoms form strong hydrogen bonds 
with trifluoroacetates and have an excellent crack-prevention effect. The RF range from 0.75 to 0.96 is effective for 
obtaining single-coated, thick, high-critical-current-density superconducting films. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
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1. Introduction 
The market for 2nd generation superconducting wire is growing rapidly, as indicated by a recent 
contract under which an American company is to supply 3,000 km of superconducting wire to a Korean 
company. The superconducting wire is to be fabricated by metal organic deposition using 
trifluoroacetates (TFA-MOD) [1]. There are many processes for making YBa2Cu3O7-x (YBCO) 
superconducting films. Typical ones are pulsed laser deposition [2], thermal evaporation, metal organic 
chemical vapor deposition [3], ex situ electron beam processing, the sol-gel process, and metal organic 
deposition (MOD). Here, MOD means conventional metal organic deposition without fluorine content. 
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Among them, the TFA-MOD process is one of the most promising candidates for commercial fabrication 
of 2nd generation superconducting wire. 
TFA-MOD has some advantages as a low-cost non-vacuum fabrication process [4]. TFA-MOD 
requires no expensive vacuum apparatus, Jc value of the resulting films is highly reproducible [5], and 
high throughput for commercial fabrication of superconducting wire is realized by firing wide tape and 
cutting the tape into individual tapes [6]. TFA-MOD also has a quite different growth scheme from the 
other conventional MOD processes. These special features originate from the fluorine content, which is 
derived from trifluoroacetates. Detailed discussion of the growth scheme and its history are summarized 
elsewhere [7, 8]. However, there is one issue concerning TFA-MOD that is not shared by metal organic 
chemical vapor deposition or pulsed laser deposition, namely, thick superconducting film is difficult to 
form because of drying stress during the calcining process [7]. 
There are two ways to prepare a thick film by TFA-MOD: a multi-coating process [9] or a single-
coating process [10, 11]. The multi-coating process is widely used in the MOD process [12]. In the MOD 
process, the gel film can be coated on the calcined film. The coating process can be easily repeated to 
obtain the target thickness of the resulting films. In TFA-MOD, the coating solution has strong acidity 
because of using strong acid material of trifluoroacetates [13]. Multi-coating influences the calcined layer 
in TFA-MOD. Some groups have tried to reduce the acid in the coating solution by replacing Cu salt with 
Cu hydrocarbon salt. Even if all acid materials connected to Cu are reduced, only 50% of the acid 
materials will be reduced. Consequently, pH of the coating solution is only reduced by approximately 0.3. 
In TFA-MOD, trifluoroacetates are indispensable for forming a quasi-liquid network during the firing 
process [7]. The multi-coating process in TFA-MOD brings about an unstable layer between the latest 
coated layer and the previous coated layer [11]. 
In the point of view, single coated thick films must be realized to increase critical current per width by 
TFA-MOD. However, large volume reduction during the calcining process causes cracks in precursor 
films. In TFA-MOD, gel film applied after the coating process is converted to calcined film through the 
calcining process. The volume reduction is up to 85% [14]. During the firing process, volume reduction is 
about 50%. Accordingly, most cracks generate during the calcining process. Hence, crack-preventing 
material is necessary. The basic idea is simple, namely, the addition of crack-preventing chemicals to the 
coating solution. Whereas trifluoroacetates decompose during the calcining process, the added material 
endures and prevents cracks. After the decomposition, the added chemical must be decomposed and 
volatized into gas phase. Otherwise, carbon residues severely deteriorate the Jc value of the resulting 
superconductor films [15]. 
There are very few papers on crack-preventing materials. But there is a patent that refers to crack-
preventing materials [10]. According to the patent, chemicals having the basic -(CH2)n- chain are effective 
for crack prevention. However, we found that Jc deterioration caused by the carbon residue cannot be 
suppressed. Although the Jc deterioration may be improved by optimized process conditions, we couldn’t 
determine such process conditions. 
The origin of the Jc deterioration is carbon residue in the superconducting films. TFA-MOD has a 
carbon expulsion scheme during the calcining process [16]. Addition of the hydrocarbon-based chemical 
seems to prevent this carbon expulsion scheme from working. We seek the reason for this in the chemical 
structure of the added chemicals. Hydrogen atoms in the added hydrocarbon react with fluorine atoms in 
trifluoroacetates. Since the fluorine atoms connected to carbon are consumed, carbon atoms easily remain 
and the total amount of carbon residue increases. In order to suppress the chemical reaction, we decided to 
use fluorinated carbon materials [11]. The fluorinated carbon materials have two advantages: they cause 
few carbon residues in the resulting superconducting films and there is little stress in the gel film during 
the calcining process from the added chemicals. Consequently, we realized superconducting film with 
thickness of 1.2 micron meter by a single coating. We tried to use various fluorinated chemicals to prepare 
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the thick film by a single deposition. We noticed a relationship between the ratio of fluorinated contents 
and cracks of the calcined films or Jc of the resulting fired films. 
In this paper, we discuss the ideal chemical structure of crack-preventing chemicals and report the 
importance of fluorine ratio to total number of fluorine and hydrogen atoms (RF) for the crack-preventing 
effect and the suitable range of RF value to prepare a thick film with excellent superconductivity by a 
single deposition. 
Fig. 1 Jc dependence on RF value 
2. Experiment 
Coating solutions for YBa2Cu3O7-x were prepared by the solvent-into-gel method, reported elsewhere 
[7, 17]. A total impurity of water and acetic acid in the coating solution is less than 1 wt%. The total 
metal ion concentrations of the coating solutions are 1.50-2.13 mol/l. As crack-preventing materials, 3 
kinds of chemicals are chosen: hydrogenated perfluorocarboxylic acid group, perfluorocarboxylic acid 
group, and hydrogen rich chemicals group. The chemicals used were: H(CF2)3COOH, H(CF2)4COOH, 
H(CF2)5COOH, H(CF2)6COOH, H(CF2)8COOH, H(CF2)10COOH, H(CF2)12COOH, F(CF2)10COOH, 
F(CF2)12COOH, CHF2CF2CH2OH, CF3CF2(CH2)6OH, and CF2(CF2)3(CH2)6OH. All crack-preventing 
chemicals were added by 10.0 wt% to metal trifluoroacetates. The mixed coating solution was stirred for 
over 60 minutes. 
Gel films were deposited on 10 mm x 30 mm LaAlO3 (100) single crystals with a dip coater. 
Withdrawal speeds were from 5 mm/sec to 100 mm/sec. All gel films were calcined at 100-400 °C with 
4.2% (relative humidity) humidified oxygen using the profile shown in Fig. 10 of ref. 7. Elapsed time 
between at 200 and 250 °C was 11 hours and 18 minutes. All the gel films were transparent light blue and 
all the calcined films were translucent brown. The calcined films were fired at 800 °C with 4.2% 
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humidified argon gas mixed with 1,000 ppm oxygen and annealed at 425 °C in dry oxygen under the 
profile shown in Fig. 12 of ref. 7 to give YBa2Cu3O7-x films.
Critical currents were measured by the inductive method in liquid nitrogen using a calibrated criterion 
with the standard sample. Thickness was calculated based on both the inductively coupled plasma results 
and cut sample area using the value of density of YBa2Cu3O7-x, 6.384 g/cm3. Density data were quoted 
from JCPDS data for XRD. The JCPDS number employed for YBa2Cu3O6.93 was 87-1508. Secondary ion 
mass spectroscopy (SIMS) measurement is applied to confirm seamless inner layer by a single deposition. 
Fig. 2 Chemical nature of crack preventing materials 
3. Results and discussion 
TFA-MOD must have a carbon expulsion scheme during the calcining process [16]. But a crack-
preventing material, having hydrocarbon chain, increases carbon residue in resulting fired films. The 
expulsion scheme requires C-F bonds in the molecule. Thus, in the case of using hydrocarbon as a crack-
preventing chemical, C-F bonds may break down, leading to an increase in the total amount of carbon 
residue in the resulting films. When the C-F bonds are broken, chemical reactions between fluorine atoms 
in trifluoroacetates and hydrogen atoms in hydrocarbon are expected to occur. 
Accordingly, fluorine atom ratio in the possible occupation sites, where fluorine or hydrogen atoms 
exist, seems to have an important bearing on the total amount of carbon residue in the resulting fired films. 
We define the fluorine atom ratio of RF as follows: 
RF = N(F)/{N(F) + N(H)},  (1) 
where, N(F) and N(H) represent numbers of fluorine and hydrogen atoms in the possible occupation 
sites, respectively. Carbon residue, which indirectly influences superconductivity, can be evaluated from 
SIMS results. Then, we directly compare RF value with the Jc values of the resulting films in this paper. 
On LaAlO3 (100) wafer, thick films with thickness of over 600 nm have large amount of a/b-axis 
orientation and show almost zero Jc value. Hence, we prepare film with thickness of 480 nm on LaAlO3
using all the crack-preventing materials. Metal ion concentration of coating solution is 1.50 mol/l and 
withdrawal speed is 50.0 mm/sec. All the results are plotted in Fig. 1. Red circle, green triangle, and blue 
rectangle show Jc data of films in the case of adding hydrogenated perfluorocarboxylic acid, 
perfluorocarboxylic acid, and hydrogen-rich chemicals to coating solution, respectively. 
The blue rectangle group shows almost no Jc value. Such fatal deterioration in Jc derives from carbon 
residue in the resulting films. The data is consistent with the hypothesis discussed above. The red circle 
group shows a tendency for Jc to increase with RF. This tendency means that relatively high RF value is 
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required to obtain high Jc film. The green triangle group also shows relatively high Jc values in Fig. 1. 
However, some of the resulting films have cracks. In the view of the surface morphology, we consider the 
best group for fabricating thick film by a single deposition is the hydrogenated perfluorocarboxylic group. 
Chemicals having around 100% RF value have another drawback as a crack-preventing material. We 
presume the molecular structure is deeply involved with the crack-preventing function as shown in Fig. 2. 
The perfluorocarboxylic acid illustrated in the upper portion of Fig. 2 has three areas; electrically 
neutral, negative, and positive areas. Such a molecule forms a micelle and has less crack-prevention effect. 
On the other hand, the hydrogenated perfluorocarboxylic acid illustrated in the lower portion of Fig. 2 has 
electrically negative and positive areas. The molecule has two divided electronegative areas in both edges. 
Such a structure strongly contributes to the crack-preventing effect, as shown in Fig. 2. Based on the 
discussion above, hydrogenated perfluorocarboxylic acid or perfluoro di-carboxylic acid is desirable as a 
crack-preventing material. The suitable range of RF is from 75% to 96%. 
To confirm the above hypothesis, we prepared YBCO films with a thickness of 500 nm on LaAlO3 by 
adding hydrogenated perfluorocarboxylic acids. These films using CF2H-(CF2)3-COOH and CF2H-(CF2)5-
COOH as crack-preventing materials show 5.2 and 4.8 MA/cm2 (77K, 0T), respectively. Total Ic per 1cm 
width is 260 and 240 A/cm, respectively. A single-coated high Jc film without any crack-preventing 
material shows Jc of 7.7 MA/cm2 and Ic of 116 A/cm. Large improvement in Ic per width was realized 
with this method. 
Fig. 3 Single coated thick films and SIMS results 
Furthermore, we also fabricated the extremely thick film on LaAlO3 shown in Fig. 3 using perfluoro 
di-carboxylic acid. Metal ion concentration of coating solution is 2.13 mol/l and withdrawal speed is 50.0 
mm/sec. The chemicals connected to each other and acted as a chemical with a gigantic molecule. Such a 
chemical has a strong crack-preventing effect. Fig. 3 shows single-coated calcined film with a thickness 
of 2.9 micron and YBCO film with a thickness of 1.3 micron. Seamless SIMS results confirm single-
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deposition thick films. These results imply that for crack-preventing material for TFA-MOD, RF value 
and molecular structure are important. Furthermore, the fluorinated molecular structure without 
hydrogenated terminal causes fatal deterioration of Jc value of the resulting films. 
4. Conclusion 
In this paper, we report the proper crack-preventing chemical and the primary scheme to obtain thick 
superconducting films with a thickness greater than 1 micron. 
The films with thickness greater than 1 micron by a single TFA-MOD deposition are realized by 
adding crack-preventing chemicals. The crack-preventing chemical having RF of 0.75 to 0.96 is desirable 
for obtaining thick films with high Jc. A chemical having electropositive areas in both edges of the 
molecular structure is also effective as a crack-preventing material. One of the suitable chemicals is 
hydrogenated perfluorocarboxylic acid. Using perfluoro di-carboxylic acid, we realized a crack-free 
calcined film with a thickness of 2.9 micron and fired film with a thickness of 1.3 micron. 
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